Peanut production acreage has increased substantially in southwest Alabama in the past several years. Since prevailing weather conditions in this newer production area are conducive to peanut diseases, primarily due to frequent rainfall during summer months, a 2-week calendar fungicide treatment schedule is considered essential to controlling leaf spot diseases and rust in order to optimize yields. In 2003 , extended calendar application intervals and the AU-Pnuts leaf spot advisory were compared with the recommended 2-week calendar schedule for peanut disease control on partially disease-resistant peanut cultivars (DP-1 in 2003 and Florida C99R in 2004. Fungicide programs included recommended rates of azoxystrobin, chlorothalonil, and tebuconazole. Numbers of fungicide applications for the 2-, 3-, and 4-week calendar schedule treatments were 7, 5, and 4, respectively in each year. Fungicide applications made according to AU-Pnuts are based on rain events and resulted in 5 sprays in 2003 and 7 sprays in 2004 and 2005. Fungicide application schedule had a significant impact on leaf spots, rust, southern stem rot and yield in at least two of the three study years. Results indicate that recommendations for the 2-week fungicide application schedule should be maintained in this area. Fungicide program also had a consistent effect on measured variables, with the azoxystrobin program providing better disease control and higher yields.
Introduction
Over the past decade, peanut (Arachis hypogaea) production has expanded into southwest Alabama. This newer production area is approximately 200 mi west of the western edge of the historically important southeastern US peanut production region encompassing southeast Alabama, southwest Georgia, and northwest Florida. Southwest Alabama differs from peanut-production areas to the east in that it is warmer with greater rainfall (24) . From May through September, average daily ambient temperature in southwest Alabama is 78.6°F, which is 1°F warmer than southeast Alabama. In addition, rainfall is an almost daily occurrence due to convection thundershowers. using AU-Pnuts compared to the standard 2-week calendar schedule. A similar reduction in fungicide applications was observed with scheduling azoxystrobin applications using AU-Pnuts by Hagan et al. (12) , but there was an increased risk of inadequate control of early leaf spot and yield loss. These previous studies with AU-Pnuts were conducted in southwest Georgia and southeast Alabama.
The objective of this study was to compare the effectiveness of 2-, 3-, and 4-week calendar application schedules to the AU-Pnuts leaf spot advisory in the newer production area of southwest Alabama. The study also evaluates three fungicide programs that include azoxystrobin, tebuconazole, and chlorothalonil for control of leaf spots and rust. These studies were conducted using partially disease-resistant peanut cultivars.
Production Methods
Peanuts ( Both of these cultivars are partially resistant to early and late leaf spot, as well as southern stem rot (7, 10, 15) . The test sites are maintained in a cotton-cotton-peanut rotation. The soil type is a Malbis fine sandy loam (fine-loamy, siliceous, thermic Plinthic Paleudults) with less than 1% organic matter.
The test site was prepared for planting with a disk harrow and ripper/hipper. Optimal soil fertility and pH were maintained according to the results of a soil fertility assay conducted by the Soil Testing Laboratory at Auburn University (16 
Fungicide Treatments
A randomized complete block design of 12 treatments with four replications was used. The treatment design consisted of factorial combinations of three fungicide programs (designated as chlorothalonil, tebuconazole, and azoxystrobin) and four application timings of 2-, 3-and 4-week intervals, plus applications made according to the AU-Pnuts leaf spot advisory (18) . Plots consisted of four 30-ft rows spaced 3 ft apart. An All Terrain Vehicle-mounted four row boom sprayer with three TeeJet TX-8 nozzles (Spraying Systems Co., Wheaton, IL) per row, calibrated to deliver 10 gal/acre spray volume, was used for fungicide delivery to the plant canopy.
In (8); AUDPC = Area under the disease progress curve for leaf spot diseases assessed through the growing season. w SSR = Southern stem rot, and is presented as incidence or number of disease loci per 60-ft row (25) . x Rust severity was rated using the ICRISAT 1 to 9 rating scale (28).
Disease and Yield Assessment
Early and late leaf spot were rated on the center two rows at approximately 2-week intervals starting mid-July of each year and continuing until just before inversion. Leaf spots were rated using the Florida peanut leaf spot scoring system (8) where 1 = no disease, 2 = very few lesions in canopy, 3 = few lesions in lower and upper leaf canopy, 4 = some lesions in lower and upper canopy with light defoliation (≤ 10%), 5 = lesions noticeable in upper canopy with some defoliation (≤ 25%), 6 = lesions numerous with significant defoliation (≤ 50%), 7 = lesions numerous with heavy defoliation (≤ 75%), 8 = numerous lesions on few remaining leaves with severe defoliation (≤ 90%), 9 = very few remaining leaves covered with lesions and severe defoliation (≤ 95%), and 10 = plants defoliated or dead. Rust severity was rated on the center two rows of each plot on the final leaf spot assessment dates (2 October 2003, 18 October 2004, and 10 October 2005) using the ICRISAT 1 to 9 rating scale (28) where 1 = no disease, 2 = few necrotic spots on older leaves, 3 = few pustules mainly on older leaves, 4 = pustules mostly on lower and middle leaves and disease evident, 5 = many pustules mostly on lower and middle leaves with yellowing and necrosis of lower and middle leaves, 6 = as for rating 5 but heavy sporulation in pustules, 7 = pustules all over plant with lower and middle leaves withering, 8 = as for rating 7 except withering is more severe, and 9 = 50 to 100% of leaves withered. Southern stem rot (SSR) loci counts, where 1 locus is ≤ 1 ft of consecutive SSR-damaged plants per row, were made on the center two rows of each plot when the plots were inverted (25) .
Area under disease progress curves (AUDPCs) were calculated for leaf spot development through the growing season (26) . The design of the experiment was a 3-×-4 factorial, where there were 3 fungicide programs and 4 application intervals. Analysis of variance was performed for testing for year and treatment (i.e., each of the two main factors and the 2-way interaction) effects (SAS version 9, SAS Institute Inc., Cary, NC). Where appropriate, means were differentiated with Fisher's protected least significant difference (LSD) test (P ≤ 0.05). Analysis of variance indicated that AUDPCs for leaf spot, southern stem rot incidence, rust severity and yield differed significantly between years. Therefore, data are presented separately for each year.
Leaf Spot Diseases
Overall leaf spot pressure was low in 2003, with a final disease rating = 3.9 for the chlorothalonil 4-week calendar schedule. This leaf spot rating reflects some leaf spotting throughout the plant canopy with minimal premature defoliation ( Table 2) . Each of the main factors and the 2-way interaction of fungicide program by application interval significantly affected the final leaf spot rating and AUDPCs in 2003. Leaf spot ratings and AUDPCs were generally highest in plots treated with the tebuconazole program on calendar schedules, and with chlorothalonil applied on the 4-week and AU-Pnuts application schedules ( Table 2 ). AUDPCs were lowest in plots treated with either the tebuconazole or azoxystrobin program according to AU-Pnuts or the azoxystrobin program on 2-week intervals ( Table 2) .
In 2004, fungicide applications according to the AU-Pnuts advisory were the same as for the 2-week calendar applications. Main factor effects of fungicide program and application interval had significant effects on leaf spot ratings, but the 2-way interaction was not significant in 2004. Plots treated with the tebuconazole program had higher final leaf spot ratings (on 18 October) and higher AUDPCs than plots treated with chlorothalonil-only or with the azoxystrobin program (Fig. 2) . On 18 October, leaf spot ratings were highest in plots treated on 4-week intervals compared to other application schedules; AUDPCs were higher with the 3-and 4-week application schedules than the 2-week (= AU-Pnut) schedules. As in 2004, fungicide applications in 2005 according to the AU-Pnuts advisory were done on the same dates as the 2-week calendar applications. Analysis of variance indicated that fungicide program and application interval significantly affected leaf spot disease ratings, but there was not a significant 2-way interaction. Final (5 October) leaf spot rating and AUDPC were highest in plots treated with the tebuconazole program, and the 4-week application interval resulted in the highest levels of leaf spot diseases (Fig. 2) . In 2005, fungicide applications made on 2-week intervals (including the AU-Pnut schedule) resulted in the lowest levels of leaf spot diseases.
Peanut Rust
In 2003, each of the main factors had a significant effect on rust severity and there was not a significant two-way interaction. Rust ratings were lowest in plots treated with the azoxystrobin program and in plots treated on 2-week calendar or AU-Pnuts schedules compared to other treatments (Fig. 3) . In 2004, rust levels were affected by fungicide program, application schedule, and the twoway interaction of these main effects. When averaged over application intervals, rust ratings in 2004 were higher with the tebuconazole program than with other programs. The significance of the two-way interaction was probably due to higher rust levels with the tebuconazole program on 2-week intervals than on 3-or 4-week intervals (Table 2 ). In 2005, rust levels were affected by fungicide program and application schedule. Lower rust ratings were observed with the chlorothalonil and azoxystrobin programs compared to the tebuconazole program (Fig. 3) . Rust was also lower when fungicide applications were made on 2-week (= AU-Pnut advisory) schedules compared to extended application intervals. 
Southern Stem Rot
Overall, SSR pressure was low in all three years, with fewer than 4 disease loci per 60-ft row in any plot. In 2003, each of the main factors and the 2-way interaction of fungicide program by application interval significantly affected SSR incidence. The significance of the 2-way interaction was likely due to the high incidence of SSR (average = 3.2) in plots of the azoxystrobin program applied on 4-wk intervals, since few SSR loci (<2) were observed in all other azoxystrobin-treated plots (Table 2 ). In 2004, fungicide program, but not application interval, affected SSR incidence with fewest disease loci observed in azoxystrobin-treated plots (Fig. 4) . Application interval was the only significant effect on SSR incidence in 2005, and the greatest number of SSR loci was observed with 4-week application intervals.
Yield
Analysis of variance indicated significant differences due to fungicide program and application interval in 2003, but not due to the two-way interaction. Yield from plots treated with the chlorothalonil program were lower than those treated with the azoxystrobin program, and the 4-week application schedule resulted in lowest yields among all application schedules (Fig. 5) . Yield was negatively correlated to final leaf spot ratings (r = -0.33, P ≤ 0.01), but not to any other disease variables in 2003. In 2004, yield was significantly affected only by the fungicide program, with the azoxystrobin program significantly out-yielding the tebuconazole program (Fig. 5) . Yield was negatively correlated to the final leaf spot rating on 18 October, AUDPC, rust and SSR incidence (r = -0.37, -0.37, -0.33, and -0.40, respectively; P < 0.01).
In 2005, application interval significantly affected yield, and the 2-week ( = AU-Pnuts) schedules significantly out-yielded the 3-week which was better than the 4-week schedule (Fig. 5) . Yield was negatively correlated to leaf spot rating on 5 October, AUDPC, rust and SSR incidence (r = -0.63, -0.65, -0.62, and -0.48, respectively; P < 0.001).
Conclusions
In southwestern Alabama, peanut acreage has increased dramatically in recent years -from < 11,000 acres in 2000 to > 65,000 acres of peanut in 2005 in Baldwin, Escambia, Mobile, and Monroe counties (23) . Slightly higher temperatures and substantially more rainfall occur in southwestern Alabama compared to the historically important southeastern peanut production area of southwestern Georgia and contiguous areas. Rainfall occurs almost daily due to convection thundershowers and conditions are highly conducive to peanut disease development in southwest Alabama. Recommendations to producers in this area are to maintain a strict 10-to 14-day calendar schedule for applying fungicides to control leaf spot diseases and rust on peanut in these conditions (30) . However, low contract prices for peanuts coupled with rising production costs has stimulated interest among producers to decrease inputs in order to cut costs. One way to reduce inputs and costs are to reduce fungicide applications in peanut production.
In this study, leaf spot levels were generally comparable to those observed in traditional southeast US production areas (e.g., 20). With regular fungicide applications, early and late leaf spot diseases were readily found in the plants' upper canopy and minimal defoliation was obvious by the end of the season. Rust was also common in the current study, with heavy sporulation of pustules in the lower and middle portions of the plant canopy. Rust is only sporadically seen in Georgia and eastern Alabama production areas, and control is achieved while managing leaf spot diseases (11, 19) . SSR incidence, averaging 2 to 3.3 disease loci per 60-ft row, tended to be lower in this study than in areas to the east. In Georgia in 2004, for example, SSR incidence averaged over 10 loci in 60-ft row over a number of fungicide treatments (20) .
In two of three years of this study, lengthening the interval between fungicide applications from 2-to 3-weeks increased levels of leaf spot diseases and rust. In previous studies, increased leaf spotting and premature defoliation due to early and late leaf spots had been observed when application intervals were lengthened beyond the recommended 2-week interval, even on peanut cultivars with partial resistance to early and/or late leaf spot (4, 17, 22) . In the current study, in two of three years, there was not a significant yield decline when fungicides were applied on 3-week intervals compared to 2-week intervals. These results are comparable to those of previous studies in Georgia (4, 22) in which yields were frequently but not consistently lower with longer intervals between fungicide applications. However, in the current study, the 4-week interval between fungicide applications was consistently less effective for leaf spot diseases, rust and SSR control, or for maintaining optimal yields, than other intervals tested.
The AU-Pnuts leaf spot advisory has been shown to reduce total fungicide application numbers without a decline in the control of leaf spot diseases or a reduction in yield (4, 12, 13, 17, 18) . When compared with the recommended 2-week calendar schedule, one to possibly two fungicide applications have been saved during a growing season in previous studies using the AU-Pnuts leaf spot advisory (4, 12, 13, 17, 18) . In contrast, applications made according to the AUPnuts leaf spot advisory and on a 2-week calendar schedule in southwestern Alabama were the same in two of three years. This result was likely due to the frequent thunderstorms in the area through June, July, and August of 2004 and 2005 (average = 2 rain days per week) and indicates that the AU-Pnuts leaf spot advisory for fungicide application scheduling may not be useful at locations near the Gulf of Mexico. This advisory was developed and validated at locations in Alabama (12, 13, 17, 18) and Georgia (4) where convective summer thundershowers are less common.
In each of the three study years, the azoxystrobin fungicide program provided better control of rust and leaf spot diseases than the tebuconazole program. The azoxystrobin program was equal to the chlorothalonil-only program for control of early and late leaf spot diseases, rust, and SSR in two of three study years. These results differ from those of Culbreath et al. (9) who had observed that each of these three fungicide programs were similar in effectiveness for leaf spot control. However, Monfort et al. (22) noted that treatment with only chlorothalonil tended to be less effective than with azoxystrobin or tebuconazole. Hagan et al. (15) had previously observed less consistency of leaf spot control with tebuconazole compared to azoxystrobin or chlorothalonil-only programs in southeastern Alabama and noted that this reduced efficacy may be due to wash-off from plant surfaces.
Peanut yield was found to be negatively correlated to leaf spot ratings in 2003, and to each of the diseases observed in southwest Alabama in 2004 and 2005. Rust and SSR were lower in 2003 than in the two other years of this study, and this may explain why yield did not correlate to either of these diseases in this year. That the correlation between leaf spots and yield was consistent throughout our study demonstrates the importance of maintaining control of these diseases in this newer production area.
While nearly all fungicides recommended for the control of leaf spot diseases on peanut in Alabama are also registered for the control of rust (30) , relatively little information concerning their efficacy for the control of this disease is available. At the standard 2-week calendar schedule, the best rust control was obtained with the azoxystrobin program consisting of two mid-season applications (at 0.30 lb a.i./acre) and five applications of 1.12 lb a.i./acre chlorothalonil. When applied on the same schedule, the recommended treatment with four consecutive mid-season applications of tebuconazole at 0.20 lb a.i./acre was less effective against this disease in two of three years than the 7-application chlorothalonil 2-week calendar program. As previously noted, a decline in tebuconazole efficacy against early leaf spot has been reported in Alabama (15) . Kucharek and Semer (21) observed that a tank mixture of reduced rates of azoxystrobin and tebuconazole sometimes gave better rust control than the recommended chlorothalonil or tebuconazole programs. In two recent field trials in southwestern Alabama, significantly better control of rust was provided by chlorothalonil alone than with the recommended tebuconazole and azoxystrobin programs (5, 6) .
Fewer fungicide applications may not be the best method of maximizing peanut profits, particularly in well-rotated fields where peanut yield potential exceeds 4000 lb/acre and weather patterns favor damaging leaf spot and rust outbreaks. Extending treatment intervals from the recommended 2-weeks to 3-or 4-weeks resulted in a savings of 2 or 3 fungicide applications, respectively, but with some increase in damage attributable to leaf spots and rust. While yield response in this study with the 2-and 3-week schedules generally was similar, a significant decline in yield was seen in one of three years with the 4-week calendar schedule with all fungicide programs. The risk of yield loss with extended treatment intervals may be increased in southwestern Alabama where late summer or early fall tropical storms are common. Such a storm (or storms) could delay harvest enough that there is additional disease development with consequent yield loss. Such losses could be greater than the savings realized from eliminating 2 or 3 fungicide applications. The risk of a substantial yield loss would be higher for a peanut cultivar such as Carver or Georgia Green, which are not as resistant to leaf spot diseases as Florida C99R (14, 15) .
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